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PERE'Clt3iUCE CIF AN R-2800 CZRiDER 

By&&nB. Pfend& 

The pre.Qnltlon ohammterL&~oi of the R-2800 orUnde~, BB 
afPeoted by.fugf oompoeition, engine operating VaryLablee, and spark- 
plugt~e and. oonditioqwere evaltzated. The &feote on preignitbn- 

. 1tol3ted Rrf orpanoe of varloue percentages of -tltoe (benzene, 
toluene,~~ume~ne, and xylem) in a base fuel of triptene.wme imeetl- 

'@ea. TwoparaffIn (trlptEbne~S+6.Oml~/~) 8rd two 
reflnerp blends (28-R and 33-R) were preignition-rated. The effeot 
of ohemges In the following engine operat$ng variablea on prs@nitlcm 

~limitw+e determined: inlet-air teuqerature, rear-spark-plug-gasket 
tenqerature; eu@ne speed, spark advanoe, tappet olearance, md oil 
conf?.umptian. Prelgdticm lYml-t;S of the R-2800 oylrPaer using 
ChampiopC348~C35saradAc-Is86,~7,andIsB8 aparkpluge.vere 

. .eetabli&md and the eff&ut of mpark-plug deterLor&tlon wan lnveetl- 
e+$ l 

No def'infte trende In prei&nittaa-1Qnlted indicated me&n 
effective preeeure were Indicated for aramatice 88 a olasa w!he 
inoreasedpercentages ofdifferentaramatioewere addedtoabaae 
fuei of trlgtane. Three types & fuel (8rmatLos, paraffTn8, and 
refinery blemds) &owed a prei@ tim range for this oylinaer from 
65 to 104 percent when baaed on the perfommme cxf S plue 6.0 ml-TEL 
per gallon aa 100 peroent. The R-2800 cylinder is therefore rela- 
tlvely lnnensitive to fuel ccmrpositfonwhen omqared to 8 CFR T-4 
engine, which had a pre5gnLtion range frarm 72 to 100 peraent for the 
ame fuele. 

81x englne~~erating variables were investigated with the 
following results: preigniticm-l-ted IndMated mean effective 
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pressure decMasgd.ti.ti inoreases +I engine speed, rear-sp8rk=plug- 
@;asket tenqer&ure,.lnlet-a$r teqer8ture, 8nd sp8rk sdvanoe beyond 
20° B.T.C. 8nd was unaffeoted by r8te of 011 consumption or by 
twwt cleff=mw l __ _  . _  __ , _  --. __ . 

S_Park,plugs Wre r&ted over a range of preignition-limited 
indicatsd mean effective pressure from 200 to 390 pounds per squ8re 
inch at a fuel-air ratio of 0.07 in the following order of lncreaeed 
resist8nce to prelgnitiorn: AC-LS87, AC-LsB8, Champlou C355, AC-IB88, 
8nd champion c34s. Sp8rk-plug deterioration in the form of cracks In 
the porcelain didnot 8ffect the preignltlon limit. When pieces of 
porcelain had been broken 8w8y from the aenter eleotrode 8nd w8re 
retained In the -k-plug oavlty, the preignition limit was deoreased 
as much as 57 percent. When the broken pieces bad been removed, the 
prelgniticmllqLt iaore+sedframthatofthe undamaged poroelsin8s 
the weight of rmved poroelati w8s lnoreased. 

Thepreignitionprobl~inairor8ft en@neshasbeoomemore 
import8n-t as speolflc power output h8s Increased. As lniock 1lmJts 
have been raised through development-of better fuels, In some cases,, 
cylinder cooling has became msrgin8.l. The heat loading of cylinders 
is therefore rapidly reaohing the.llnLLt where prelgnltloh rather 
than knook beomes the limiting factor. 

Studies have beenm&le using a -cFR F-4 engine (references 1 
and 2), a 17.6 eriglne (reference 3), and BP O-1230 cylinder (ref- 
erenoe Z), which have shownthe preignit,lon characteristics of various 
fuels in these engines when using 8n eng+ne-heated hot spot. The 
effect of engine operating variables on the preignition-limfted 
perform8nce of a CFR engm..(referenoe 4) 8nd a 17.6 engine (ref- 
erenoe 5) using an engine-he8ted hot spot have been rooordsd. 
Extensi~ work has also been done to establish a standard procedure 
for the determination of preignition ratings of aircraft spark plugs 
In the 17.6 engine (reference 6) and preign$tlcm ratings bssed on 
this method have been reported for many aircraft spark plugs. 

The limitations of engine performance imposed by preignitla 
resulting fran tan engine-he8ted hot spot, however, very with the 
cyllnder.type Par a given eet of operating condltiane because of 
differences In heat-transfer char@cterlstlcs. The preignition rating 
of one cylinder type on an absolute baels with respect to fuels, 
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spafkplugs,ande&ne opsrat~varlablss, thsrsfme, oannotbe 
applied to another cylinasr type; saohtyps must be lndltidually 
rated. At ths request of ths Bureau of AtsmnautlLos, IEmy DspmWent,  
thsP=f onname lim itations aPthsR-2800 sngtnethatetxs impossd 
by preignltian @  possible msthods of ellmlnating~its destruotive 
effeotswsre Lnmm-Hgatsdatths F!XiAClevsl~~& laborat-. Thepre- 
ignition oh8rracteri8tic8 of this &ti&ool~d oylwer 88 af'fsotsd by 
ohanges in fuel, me  bperhtlng viriablss, ek-plugtype and 
oondit lon wege sv8ltited. W  effect on prelgnltlon-limited perform- 
anoeof~ioueper~escxP~armati~(benzene,tolt lsme,oumean, 
8nd xylem) In a  base fuel me  triptans was lmmstl&ied. Two 
paraffins (tripbans ti~plus S.OnLlTEL/etal) andtworeflnsryblsnds 
(28-R and 33-R) were pre5@.tlon-rated. Thssffeotof &mgss inths 
following sqina.'aperating v8rlables on prelgnltlm lim it was deter- 
m Insd: inlet-air tsaqsrature, rear-spark-plugqmket teuqerraturs, 
=@- speed, sp=k d-, tappet ol-, 8nd oil oonmmptlon. 
Pre5gzxLtlon lim its of ths E-2800 oyllnder using Chmqlon E&S and 
C35S and+Md386,U387, andI sp~kplugswers establ ishsd and 
the effeot'bf Bpark-plug deterioration was lnvestl@ed. 

AnR-2800-69 oyinasrw8smou&ed or~ac13Ecsmnkaase and 
standsxd a@ns b8ffles wers fltted Go the oyllndsr. At the be- 
of ths investlgatlon, dlffloulty was sxperisnoed with burnsd pistons 
(fig.l) 8ndfraotured exhaust valves (flg.2). Pistonburnlngwas 
eliminated by lmreasing the side olearanc e  betwemnths plstcm and 
the oylindsrbsrrsl0&O6 iMhcmthsdlsm&sr. Ths exhaust-valve 
fraotures ooourrsd attheneakaPthevaZ.ve durlngsn@.e operatiap 
at&rear-spark-plug-g8sksttmperaturs of SSO'Fand engine spssd 
of 26OOqm, Thesefr8crkmreswere elW .3natedbyfnstaUingahl.gh- 
speed valve-gear assmbly,whiohlndioates that the exbaustvalves 
had pzobably failed as a  result uf fatigue induced by a  omubirratlcm 
of~ghoperatingt~~&t~erndsnexhauet-valve~notsuitable 
for high-speed opea-atlan. 

Ths reser-spark-plug-gaskst themmoouple was oomectsd to an 
8utcanatto potsntlcmefm-type regulator, whloh oontrollsd the ooolZng= 
&irf1OW tOltE&lt&in& W Z IStE%Ut@%SkettSE@eZTbtW%?. UothtW 
operating tsmpsratures usre4 msasmsdwlth lron-oonstantanthsrmo- 
couples anda self-j&.8nofngpotentlmstsr. The fxmibustlcm-air 
systemmnslsted of apressure-re&atingval.vs,anorif loeto 
lasaSLll%ths 8irfl~,aIl8ir-heaterIl.tIit,8 SUl'@t8dS, snd8V&pOJ?- 
1saticmt8nk. The lnlet-&lrtsmpsraturev8s1ns8sursdbyatheumJ- 
ooupleplaosdatths outlet of the eurgs tank. Fuel- injeotsd 
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through a sprhg-loaded InJecticm nozeler located in the top of the 
vaporization tank. Thefuelflowwasmeamredby calibrated rotame- 
tax. _._. _ _ : _ : -_ .- 

PreQnltlon wim detected by meana of a magoetostrlction-type 
pfckup unit used with a cathode-ray oecilloecope. An AC-I887 epark 
plug wa8 used aa the engke4mated hot spot (except whm different 
spmk plug6 were befog rated) and wae located in the rear epark- . plug hole. The uee'of th$e.spark plug as the hot apot wan considered 
aatlafactory because it wae durable, gave reproducible result8 and 
was convaQientt0Inat8l1. 

Ccmibustlon-gae leakage through damaged AC-Is87 spark pluga xae 
determIned by seaMug the spark-plug connector elbow, cmnecta the 
elbow to an Inverted cylindrical graduate, and m.eamring the rate of 
gas leakage by timed water dieplacement. 

!IYlptane plm 4.0 ml TEL per gallon was choeen aa the base fuel 
for thie Investigation became it has a prelgnltim limit very cloee 
to that of 28-R, a repreeed.&ive aviation fuel. !?he lmock limit of 
the base fuel was high enough to asmzre that no rune would be limited 
by lmock before preieplitlontis encountered. 

I&a for fuela wed In thie progmn are lieted in the followLng 
table: 

Fuel 
Te;z-l Ar~tlc ) 

(percent) Remarka 
(ml/Kal) 

Benzene 4.0 100 lo C distillation range 
Toluene 4.0 100 lo C distClation range 
CumSne 4.0 100 Atlantic Refinery grade 
Xylene 4.0 100 3O C diatillatlon'range, 

mixture of orthoxyleng 
metary1engand para- 
xylenes 

s .6.0 0 1-1m----m---- 
Triptane 4.0 0 lo C dietlllation range 

from 5- to 900percent 
point 

26-R 4.5 10.1 Aromatic is allcmene 
33-R -4.5 - 8.3 Aromatic ie 23 percent 

oumene 

All arcuuatic fu& blende in triptane were mlxed m a volume baei8 
and oantainsd 4.0 ml TEL per gallon. '- 
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The fixed en@ne operatUg conditions, except as each was 
Investigated as the grlmary variable, were: ' 

Compression ratio . , . . . . . . . . . . . . . . . . . . . . 6.75 
Englne6peed,rpm . . . . b  . . . . . . . . . . . . . . . . . 2600 
Inlet-a;ir.tm.per&ure,"P. . . . . . . . . . . . . . . . . . 260 
Spark advance, both pl , OB.T.C. . . . . . . . . . . . . . 20 
011~inlet tempemture, ?i . . . . . . . . . . . 
Rear-e~k-plug-gaakett~~~~~~ $1 . . . . . . . . . . . 

185 
425 

Tappet clearan'ce, inch 
Uptake. . . . .'. m  . . . 1  . . . . . . . . . . . . . . . . 0.025 
lachauat... ;.............*........0.015 

011 couaumgtim, pound per 
horsepower-hour.. . . , . . ; . . . . . . . . . . approx. 0.01 

(standard ring assembly) 

Preignition-l@ited m ixture-response CUFVBB for polnta at rich 
m ixtureswere obteinedbyeetbingthefuelf lowmd increasingthe 
meu1fold pressure until cycles of early ignitMn were regularly 
eRcountered. Themanlfoldpreaaurewaa thenreduced slightly, until 
early ignition was only oocasion8l ly lndlcated on the o8cl l loscope 
trace end the cyWudq cooling-sir pressure dmp rsrmslned steady. A 

. cont inuous increase fn cooling-air masure drop without a  change in 
engine operatlng condit icma ~Lcatedau -ease 1ncyUndertmper- 
atures reault ingfrmmorefrequentcyclee of earlyi~1tlonand, 
therefore, indicated run-away preignition. Points at lean m ixtures 
were obtalued In the.aame mazmer except that the maulfold pressure 
was set and the fuel flow -eased to the prei@tion point. At a  
speed.of 2600 rpanthe point of Incipient prewtionwaa ahmply 
defined while-at lower etngine speeds, this point waa not as definite, 

. 
Fuel ccmRosit icm. -Thepremtion-l lmltedperfomance of an 

R-2800 cylfn8er as affected by varfous aroaratfc blends of benzene, 
toluene, Cumene,  and xylene in a  base fuel & trip-tam is shown 
in figure 3. The-,data for the different fuel blends are plotted 
with the rat10 of actual to atoichi&uetric fuel-air ratios for each 
blend as'the abscissa to.place them on a comparable beale. In arder 

. to conqenpxte far small dUferencea in the various AC-U67 spark 
plugs used as hot spots and for en&m deterloraticm, check points 
on triptane plus 4.0 m l TEL per gall& were taken at a fuel-&r 
ratio of 0.06 at.the be&mm and end of each run. These check 
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points were then corrected to the basic indicated man effec&ive 
pressure of 225 pqwe per.square inch at a fuel-air ratio of 0.08; 
the fuel-blend data POr that x%.n were also corrected by the aam 
amount. The average correction was about 5 pounds per equate Inch 
and the m&xlmmwaa 15 pounds per square Inch. All other data pre- 
sented, however, were not corrected for the hot-spot variation. 

The data of figure 4 indicate no commm trendfor aromt~ce as 
a class in the preignition-l-ted performance. of the cylZz@er ob- 
t.&nable with various percentages of arcmatlcs in the base fuel. 
'The greatest reduction in the preignition-limited Micated mean 
effective pressure is obtained with the addition of benzene. If 
more than.60 percept of benzene le added to the base fuel, however, 
the preignition lYm1t again'incre~es sl1ghtl.y. Toluene ahowa no 
8ppYecAable effect on the ~eign~tion rating of the cylinder until 
75percent la added fo.the base fuel; further addition.& toluene 
increases the preignition limit sh8rply until atloO-percent toluene 
the weieplitlon-limited indicated mean effective preeaure is about 
45 pOunda per equtrre inch abOv& that obtained with loO-percent trip- 
tane . Cumene was the only aromatlc lnveeti&ated for which preignition- 
Umited indicated mean effective pressure is invwrsely proportional 
to aramatic CORM. PUYX~ Cundene,however, lowefSthepr8i@tioIF 
1Fmited Indicated nisan effective pressure omly 20 pounds per square 
inch below that obtained with the baee fuel. Xylene shows the 
&lest effect on the preignition rat&g of the cylinder. 

The $reignitfon limits of the four arcmatice are cved tith 
those of triptam, S plus 6.0 ml TEI; per gallon, and 33-R In 
figure 5. Although 28-R could not be used at these conditiona wlth- 
out knock, prelQ&nary work showed that its preignition rating in 
the R-2800 cylaer is very slightly above that of triplane plus 
4.0 ml TEL per gallon. The da%4represestingthe performam e of 28-R 
fuel. axe therefore plotted by application of this correlation to data 
obtalnsd with triptane plus 4.0 ml TEL per gallon. The preignition 
limits of the cylinder at two peroentagee of stoichiwmtric mixture 
and at one fuel-air ratio for four aromatics, two par8fYina, and two 
refinery blends aPe prelented'ti table I. 

In order tti cmtpare the preignition rating of these fuels %n 
the R-2800 cylinder with their performance 1n eeveral other cylinders, 
table II has been compiled. Table III lists the engine operst1ng 
conditiona at which &the d&a of table II were obtained. The ratings 
for fuels in the R-2800 cylinder are relative to S plus 6.0 ml !DZL per 
gallon whereas in the O-1230 cylinder and the CPR P-4 engine the 
ratings are relatPve to S plus 4.0 ml TEL per gallon. Because the 
data of reference 2 indfcate very little difference between the 

. 
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prefgnltlon rat* of S plue 4.0 m l TEL per gallon and El plpa 
6.0 nil TEL pejc &&on, the'dlf'ferwxe in reference fuel haa lita 
effect on the ccmp8+iaon ammg er@nee. The preignition-limited 
perform&n& OS the R-2800 cylinder is less eemslt lve to the fgpe of 
fuel used t@m are the O-1230 cylinder and the m  F-4 engins. All 
.of the fuels exc@t tolueme are In the same relative posit iona when 
rated in the'eeveral enginea. 

Eu&ae operating veriablee. - Inorderto aid tithe evalustion 
of the pr?ignition charact~lstice of the R-2800 cylmer, the effects 
of ehglne ppmatlng PariabILes on preignition-limited performance 
were lnvestfgated. 

'A lIneax rel.a-&n exist6 between inlet-air temperature and :. 
.@elgnltPon-lim!tedpower (fig. 6(a)). ForeachlOO"$ lncreaae In . . inlet-air temperature, the preignition-limfted indicated man 
effective pressure decreased 20 pounds per square Inch. The 

. . . . . prel&tIon-limited Inlet-air preeeure Increased very slightly orfth 
inciwdng inlet-a* teiupqature. 

A linear.relatlon also exists between rear-8pexk-plug-g&set 
1  * temperature and premlticm-lImited power (fig. 6(b)). In this case, 

. . e8&100°F imrease incylInder tmgerature decreased the 
. . pre*ltlon-l-tied ttiiointed mean effective preseure 30 pounde per * . square Inch. : 

b  
Whenengine e:)eedwae chmged,  each increaee cf 1OOrpsnlowmred 

the preignition-limited indfcated me8n effective pressure 6.5 potis 
per square Inch over the we covered (fig. 6(c)). Preignttion- 
lim ited indicatedhorsepower, however, lncreeaedwlthlncreaae in 
engine speed. 

Prelgaitim-limited W d icated mean effective pressure changed 
very little when the apark was advanced fxm O" to 20° B.T.C. 
(fig. 6(d)). Further advance of the aparkdemeasedthe prel@tion- 
lim ited indicated man effective pressure 30 pounds per square lmh 
for each loo Wczease In spark advance. 

In order to lnveetf~te the effect of reeldu8l ge8ee on the pre- 
ignftion lim it, the tappet-clearan ce cold setting was varied frxxn 0  
to 0.062 Inch; the same clearancewas uaedfartheintake end the 
exhauetvslvee awing eachmn. Thereeult ingchmgetlnvalveover- 
lap had no efPect on the preignitlm lim it (fig. S(e)). 

The rate of oil conmmgst ion wee changed to detemdne Its effeot 
on the prelgnltlon lim it. Speciffc oil conaumpt im at prei@tion- 
powerlevelwaamaeuredflretwiththe standard r ingaaeembly~ 
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then with the oil-scraper am!l two oil-conkrol Hnga rtmoved. I@ 
c%nge in preignition limit resulted from increased oil consumption 
(f%. 6(f)). ft is interesting to notethat, after 100 hours of 
operation under incipient preignitim at Llormal engine operating 
conditiona for this program (which included acme advanced prelgnitIon 
while deteng d&a polnts), the standard ring aesenibly still held 
the indicated specific oil cormmption below 0.01 pound per 
horsepower-hour. 

Many of the engine operating varlables.in~eetigated in the R-2800 
cylinder have been evaluated ti the 17.6 engine (reference 5) and 
the F-4 engine (reference 1). Wends Inthe17.6 enginewere similerr 
to those observed herein except'that no appreciable change in pre- 
ignition limit wae noted for chmgee in jacket temperature; in general, 
the ranges covered In rderenoe 5 were amall. The F-4 en&e also 
showed trends cmparable'to those of the R-2800 cylinder, except that 
no appreciable change in preignition Umit acccmpanied engine speed, 
changes and the spark-advance curve did not level off. 

Spark-plug..type and condLtion. - The types of spark plug chosen 
for preIgniticm rating In the R-2809 cylinder were Chaz~ion C34S and 
C35S and AC-IS86,'~hich are approved types for ttie cylinder; the 
cylinder was also rated with AC-IS87 and AC-L588 spark plugs. The 
preignition-limited perf ormmice of these five spark pluga 8t.a rear- 
spark-plug-gasket temperaturo.of 550° F is shown in figure 7. Only 
the AC-IS87 and the AC-Is88 apark plugrr could be rated at a rear- 
spark-plug-gasket tamyeratti of 425O F because of lImIted cooling-air 
sum4 l The prelgzxLtlcm rat-6 of the apmk plugs in the R-2800 
cylinder are cmpared in table IVtith previously unpubllahed results 
obtained tith a 17.6 engine. The ap%rkpluga arerated inthe aam 
order in both cylinders except that the positions nf Charnpicm C54S 
and AC-E386 spark plugs 'qe reversed, The ratfnga of thee two plugs, 
however, are approximately equal In both emgI.nes and variatlcma in 
preignition limit of apark plugs of the saute type could easily account ___ _--_.. for this die'cremcg. :- .-.' .L- ."' ._ : 

Because the preignltion'limite c& new apark plugs are above that 
of the -1 operating range, when a representative 8viatIon fuel 
is used, the occurrence of preignition In aemice engines Is due either 
to Imock-Induced preignitlm.or deterioration of c&u&ion-chamber 
parts. The engine parts that zmt cmunonly deteriorate and cause 
preigrdtionarethe e~kpluga. Figure 8 ahowsthatporcelaI.nbroken 
away frm the center electrode of an AC-IS67 spark plug but retained 
In the spark-plug cavity reduced the preIgnitian=limited indicated 
man effective pressure ae much aa 57 percent. Cracking of the 
porcelain did not &f'ect thti preignition limit (crack not vlslble on 

* 

I: 

. 

. . 
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reproducedp~ographarPfig.8)but~nthsp~ceLaiPbecermn 
chIpR& and&xM%red aud separated from the center electrode, the 
preignitiorn-UnIted MIcated mean effective preesure of the cylinder 
dropped aharplg, Thedataofflgure8repreaentruneantwo 
AC-G387 sparkplugs. Durlngtheserumthf3 maximumrate of gw leak- 
age during mgfne operation was 2.0 cubic centimetera per minute. 
Reference 7, however, lndicstes t&rt,ff the center eleclmkle 
lnaulat~on deterloratw in such a way that exceeslve gas le&age 
results (about 66 c&In), the crack will cause an lncreaee ia the 
center electrode -mature of about 100° B with the result that 
the preignltionlimittillbelowered. 

. 
Afurther lnveatigatimwaemade to aetermlne the effect on 

prelgnItlonllnCLtof c~leteramoval of thebite ofbroken porce- 
Thepreigdtlonllntitofthe sperk plug increased Inpropor- 

~2tothewelght~ porceiadn remved (fig. 9). Theporcelainf~ 
evldentlythe source of prelgnItioninthe eparkplugsndremmal 
of part of Itahortenetheheat-flowpath. TheremainIngport~cm 
of porcelain is therefore cooler at the same power level. Insmuch 
as the dataforflgurw 8 and 9 requirea dlaasesmiblyand reaaeenibly 
~3 the s$exk plug, the effect of th~sdlaaseeadblyonpreigaitiou 
limitwas InveetIgatedandfound tobetithlnthellmlte of 
reproducibility of the preignition 6ata. 

. 
Reproducfblllty cf prelguItion data. - ThepreignitionllmIte 

of three AC-IS87 apark plugs were checked several times to eatabliah 
the reprcduolb~lfty of determination of the preiguitIon limit of 
any me pWb An average variation in Micated mean effecttve 
pressure cf.6 potis per square inch waa observed (fig. lo), which 
conrpmed fa~~blywlththere~ucibilityorP Imock-U&t data. . . 

Of further intereetlsthe range of preiguItionUmlte 
encotiteredtith aparkpluga aP ouetspe. Thepreignitlonlimite 
af llnew AC-IS87 apmk plugs eelected at ramdma frcm a large stook 
andused8~1 au&a-heated hotapot8fallwithZna 

rap$e 
09 hdicated 

mean effective pressure of 30 ~ounde per aquam inch fig. ll). Four 
sparkplugs~thathad beenusedmdreconditioned eeveraltimsewere 
investigated; the mxsImumvariationlnobserved preignition-limited 
indicated mean effective p&mure was 22 pounds per square inoh 
(fig. 11). The preignitionlimitsforthe four wed pluga, however, 
were higher than the highest observed prelgniticrn l.ZMt of the new 
pluga of the samatype. 

In order to detsrmine the reamn for this hlghw level, several 
newAC-LS97~aparkplugawere sand-blasted aeveraltdmee and the 
prelgnltltm limit detershed after each sanding. Although no 
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definite incmas8s w8re noted sfter succ8sslve reccmdltimlngs, the 
general trend of repeated sanding was to increase the preignition 
limit. Another interestfng ph8nomnon observed auring these Ltzllrm, 
which would accotit f&-the high= p%ignItion level LXP the four 
recondItioned plugs of figure ll, was the sudden Incr8ase of about 
20 pounds p8ti square inch lnd+ted 1118an effective pressure lnth8 
preignition 1imSt of new AC-IS67 spark plugs that occurred after the 
spark plugs had been in operatim for an hour or two. The reaeon 
for this sudden inmease in the preignition-.limit Is not lmown. 

It is therefore possible that either because the spark plugs 
were sanded several times or because they had been run an hour or 
more could account for the hlgher preignition limit of the recon- 
dltfoned spark plugs. 

The preignltiou char&cteristMs & the R-2800 cylinder as 
affected by fuel composition, engtie,operatlng variables, and spark- 
plug type and condition can be sumnarieed as follows: 

1. Increased percmtages of various armatfce added to triptam, 
the base fuel, shoved no ccmuon trend in the preign.Ition-lWLt8d 
Indicated mean effective pressure far arametics as a class. B8mmne 
and cumene additims lowered the prelgnitfon-limited indicated mean 
effective pressure with benzene giving the greater reduction. Qlene 
additions did not affect the preignition-limited Indicated mean. 
effective pressure whereas toluene additions in large perc8ntagee 
increased the preignition-lImIted indicated mean effective preeeure. 

2. Three types c& fuel (mxmatics, paraffins, an8 refinery blends) 
ehowed spreignitlonrangeforthie cylinderfram85to 108percent 
when based on the performme of S plus 6.0 ml !CEL per gallon as 
100 percent. The R-2800 cylind8r Is therefore relatively Lnsensitlv8 
to fuel composition when ccuupared to CFR F-4, engine, which had 8 pre- 
lgnltion range from 72 to 100 percent for the mme fuels. 

3. Preignition-lfmited indicated mean effective preesure decreased 
with increaewin engine speed, rear-spark-plug-gasket teqerature, 
lnlet;alr tqerature, spark advance beyond 20° B.T.C., and was un- 
affected by changrzm In oil consumption and in tappet cl8emxnce. 
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4. When the~enghm was opererted Prith a fuel having pre'lgnition 
c~ac~eristice sAml.le to thoee of ydetlon fuels, epark pluga, 
covering arange af prei@ tion-limited i&~catedmaneffective 
p8S8UZ-8 f+rOlE 198 to 390 PSi 8t a fU81-8ir IT&i0 of 0.07 - Ided 
in the following order of inmessing reeietance to preI@ tion: 
AC-IS67,mAC-LS68, ChamzpionC358, AC-I&66, and ChampionC34S. . . 

. . . 
. 5. -k-plug deterioration in the farm of crack6 W  the pame- 

.:&In did not sfP8ct .th8 prelgnltion limit. E pi8088 of parcel&n 
. a yebe broken away f'rcm the center electrode and retaIned In the spark- 

. " plug cavltg, the preiguitlm 1-t ~85 lowered 88 much 88 57 percemt. 
Ifthebroken pie~Swere~~,hawever,theprei~~~on limit 
lncreasqtd8bov8 the ar~inallimita8thewefshtofporoeLain 

I ' . ': rembmd was imreaa6d. 

Aircraft EnglneReeearchSaboratory, 
mti& AidViS~ Ccammitt88 far ~rOnfUt~c8, 

~18V'8hld, -0. 
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TABLEI-l?m!mmmOH mEF.cB- WIm 

VARIOUS FUEM IN R-2809 m 

13 

lRze1 
. - _. . . . ., 

CUmene 
B8Pzen9 
Tripbm ’ - 
28-R . 
33-R. 
wlene 
8+6.0nl%lG/g~al 
Toluene 

Premtim-limited Weu (lb/m in.1 

204 
204 
217 
217 
226 
218 
238 
254 

236 
249 
268 
270 
270 
276 
292 

206 
206' - 
224 
224 
230 
224 
243 
254 

Fuel 

s+!%.0mlmL~@ 
S + S.OralTEiL/ga~ 
B8nZ8II8 ' 
Toluene 
CumSne 
Xylem9 
28-R 
TClptans 

%ef erencm preignit 
8 + 6.0 ml m/g 

bRef8rence p?eignit 
s + 4.0 ml mL/a 

R8fertWlC8 ~8~tiOll-limfted imep at 
fuel-air ratio of 0.08 (percent) 
R-2800 O-l.230 F-4 
0ylinnECC Cylinaar 

(a) (b) 
eng- 

(b) 
1-11-----1- 100 100 

100 --111--1----1- w-1111111. 
85 -1-1-1111-1--1 74 

104 I-l--L-l--l-l- 99 
85 69 72 
92 ----------w--m 98 
92 1111--11----N- 87 
92 ----1--m--1--- --------w 

Lan-lfmtted lmep 18 thst obtained tith 
rl. 
ton-llmited imp is that obtalned with 
il. (Reference 2) 
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TABLEIII- CI?mA!c~cm~IoNSm~CE PRExcmTIONLIMI!cS 

I 8 
., .“. 

Opereting condition8 

cylinder. .-tie CemDpreee~~ sP=k Inlet-air Cylinder 
speed ret10 advance temper- tqer- 

. .C. km) (%.T.C.) eture eture 
(OF) PN 

R-2800 2600 6.75 20 260 , a425 

'O-1230 2660 6.5 30 175 1 b250 
'F-4 1800 6.0 45 225 b375 

-- 

eReer-k@iirk~pluej-@&eserket' fe&Sbture. 
._ ___-_- ---.... -. _-_ _ 

bCoolant-In temperreture. 
9bfereme 

_ 
2. 

TABLEIV- PREIGNITION-LP IMEP CECAINED WITH 

VICXJS SPARK PLUGS IN R-2800 CYLINDEX 

-~ ~ -I- -irei@tion-i&Lted lmep (lb/eq In.) 1 

Spark Blw 
R-2800 cpllnder et 
fuel-sir ratio of 

0.07 
1 

4 

I 3 .7.6 mgine et maxi- 
11 ulm thermal-plug 
t XSt?Q8ratur8 - 

(a) 

i 

200 
240 
254 
330 
320 

eAverage rat&s. ' 

mTIoNALAmmmYc~ 
FCLR AER~ICS 



.  
.  .  

.  
: : .  

. . I .  

.  
.  .  .  .  

.  

l  ;-- . . . :: . . . . . 

. 

.’ 

. 

N A C A  
C - l C 4 1 Q  . 
6 - k - 4 a  

F i yu re  I. -  8 u r n e d  p is ton  r ~ 5 u i  t iny  f rom cny ine  a p e r n t  i con  u n -  
r i r r  p re ign- i t i an  cond i t ions.  Roa r - spa rk -p lug -gaske t  t emper -  
d tur l? ,  5 5 0 ” F ; ,s t a n d a  r d  p  i :r’tr,n c I aa ra r r c  es.  

. 

! 



. . 
. . 

* . 



NACA RM NO. E6J08 _ 

e . . 
:: : ..I. 

. 
. . . . 

. . . . 
s. . . 
* . : . . . . 

NhT!GhAt ADVISOR-. 
COWITTEE FOU AERONIUT ICS 

. L 

I I I I 



NACA RM No. E6JOti . 

. . 
: .:.. : 

. .:.. 
. . . . 

. . 
:: : . . . . 

l 

. 

lio’lio~‘l& d ‘loo 
I . I 

Ilatlo or actldl to rtol&dmtrlc Iwl-elr retlo*. Dbz!nt WJ la, 

rformanca rhf bland8 of moautlor tn trIptan& 

. 

__ 



NACA RM No. E6J08 

. .=-. . . . . . . . 
l .:.. 

. . . . . . 
:: : . . . . 

. 

. 

sea 
NATIONAL ADVISORY -- ~..---- --- .---~ .~ -.-- I I I I I I I I I 

C(*RWlTTLL FOR AEWJNAUTICS 
I 

I I I I I i 
A  

. 

. 



: :*-: 
. . . . 

. .:.. 
. . . . . . 
:: : . . . . 

NACA RM No. E6J08 

70 
NATtONAL AOVI SCRY 
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tiz P I I I I 

60 

50 

40' I I I I I I I 

I - 
I 

Ii 
A Cumene + 4.0 ml 
V Xglene + 4.0 ml 
b S + 6.0 m1 TEL/gal 
4 33-R 
v 28-R 

0 Triptane 
0 Benzene 
0 Toluene 

I I 
Fuel 

+ 4.0 In: 
+ 4.0 ml 
+ 4.0 ml 

TEL/gal 
TEL.' al 

P TEL gal 
TEL/gal 
TEL./gal 

Rstio of' actual to stolchiometric 

Figure 5, 
h81-e_ir ratioa,-percent 

- Effect of fuel composition on prelgnftlon-1Imltecl 
performance R-2000 cyllndar; compresston ratio, 6.75; spark 
advance, 20b B.T.C.; engine speed, 2600 rpm; Inlet-sir temper- 
ature, 2600 F; rear-spark-ply-gasket temperature, 425O F. 
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Figure 8. - Effect of condition of AC-L387 &ark plugs on fire- 
ignitton-limited performance. R-2800.cyllnder; Zuel, triptane 
4.0 ml TEL per gallon; $uel-air ratio, 0.08; compression ratio 
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Figure 9. - Effect of porcslah re!xoval from center electrode of 
AC-LS87 spark plug on prefgnition-llr'ted performance. R-2800 
cylinder; fuel, triptane + 4.0 ml TEL per gallon; fuel-air ratio, 
0.09; compression ratio, 6.75; spark advance, 23O 3.T.C.; e 
speed, 2600 rpm; inlet-air temperature, 2600 3'; rear-spark-p ug- Y 

he 

gasket temperature, 4250 F. L 

-i3.0 12.6 12.2 i1.a 11.4 &AC.4 
Center electrode weight, grams 
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Figure 10. - KeproduclbllitS of prelgnttion limit 01th three 
AC-L587 spark plugs. R-QSCKI oylltier: fuel, trlptane + 4.0 ml ' TEL Per gallon; compression ratio, 6.75: spark adv rice, 200 0 T C l 

engine speed, 2600 rpm; inlet-air temperature, 
plug-gasket temperature, 425O ir. 2603 F; rear-si&kl' 
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Flgure 11. - Range or preignition limit of AC-LS87 spark plug. 
R-2800 cylinder: fuel, triptane + 4.0 ml TEL ger gallon; oom- 
prcsslon ratfo, 6.75; spark advance, 20° B.T.C.; engine speed, 
2000 rpm; inlet-glr temperature, 2600 F; rear-spark-plug-gasket 
temperature, 425. F. 

. 



. _ . - . _ . . .1. 

.’ - I .  - 
1 

. . . , 

I  

.  , . , - .% 
C .  

- 

.- I  

.  

-_ 
; , r-., -i % * ,I L’ .--: - 1 


